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Spots:	  grid	  of	  pinholes	  
•  Used	  mul>-‐hole	  target	  to	  probe	  

astrometric	  biases	  
–  150	  nm	  thick	  chromium	  on	  silica,	  

produced	  at	  BNL	  by	  J.Warren	  
–  46,656	  pinholes	  
–  3.6	  micron	  diameter,	  200	  micron	  spacing	  	  
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photo	  

ds9:	  CCD	  image	  SEM	  photo	  of	  one	  pinhole	  



DM	  based	  analysis	  (1)	  
1.  Read	  and	  assemble	  image	  from	  FITS	  (not	  quite	  DM..)	  

2.  Find	  footprints	  



DM	  based	  analysis	  (2)	  
3.  Calculate	  shapes	  

	  
4.  Use	  ngmix	  (E.Sheldon)	  to	  fit	  2D	  gauss	  with	  6	  

parameters	  (flux,	  x0,	  y0,	  sigma,	  g1,	  g2)	  



DM	  based	  analysis	  (3)	  

5.	  Populate	  histograms/catalog	  
6.	  Unwarp	  the	  edge	  (not	  using	  now),	  repeat	  4.	  &	  5.	  	  
	  
DM	  ends	  here…	  
	  
7.	  Calculate	  astrometric	  shi_s	  and	  change	  in	  shapes	  
8.	  Use	  TreeCorr	  (M.Jarvis)	  (not	  yet)	  to	  calculate	  2-‐
point	  correla>on	  func>on	  



Status	  

•  Available	  as	  Ubuntu	  12.04	  VM	  now	  
•  Wai>ng	  for	  new	  DM	  release	  to	  distribute	  
more	  widely	  (Ubuntu	  14.04	  VM)	  

•  VM	  will	  have:	  
– new	  DM	  
– emcee,	  cw,	  ngmix	  
– astropy	  
– ROOT,	  pyroot	  



Results	  



Maps	  of	  shapes	  
•  BNL	  data	  (O’Connor,	  Kotov),	  ITL	  sensor	  
•  Sigma	  of	  spots:	  	  6-‐7	  um	  

•  Some	  peripheral	  distor>ons	  due	  to	  op>cs	  

•  Selected	  uniformly	  illuminated	  region	  for	  
further	  analysis	  

Sigma	  

Shear	  g1	  

Shear	  g2	  
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Distance	  to	  neighbors	  
•  Along	  two	  grid	  direc>ons	  “x”	  and	  “y”:	  	  
– Average	  distance	  to	  two	  immediate	  neighbors	  

	  grid	  distance	  in	  x,	  [pixel]	   	  grid	  distance	  in	  y	  [pixel]	  

	  RMS	  0.03	  pixels	  =	  0.3	  micron	  

	  16.78	  +-‐	  0.03	  pix	  



DES	  astrometric	  bias	  due	  to	  TR	  
•  To	  be	  compared	  to	  ~<	  0.75	  micron	  shi_s	  due	  to	  TR	  in	  DES	  



New	  BNL	  data	  

•  Taken	  2015/4/10	  using	  CCD+LSST	  custom	  
electronics	  

•  18	  bit	  ADC	  (max	  262,000)	  à	  different	  ADU/e	  
conversion	  	  

•  e2v	  sensor	  àcan	  assemble	  the	  image	  



•  Flux,	  sigma,	  distance	  in	  x,	  distance	  in	  y	  



•  Flux,	  Sigma,	  g1	  and	  g2	  



Midline	  in	  y	  
•  Flux	  is	  not	  gain	  corrected	  yet	  	  

flux	  



Midline	  in	  ds9	  



•  distance	  



Midline	  in	  y	  

See	  midline	  and	  two	  
satellites?	  
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(a) Edge rolloff (b) Midline (c) “Three rings”

Figure 1. Flat-field anomalies seen in LSST prototype FDCCDs.

Figure 2. CCD250 geometry. There are 16 independently-read out segments, each having 2002 imaging
rows, 512 imaging columns, and 10 prescan columns. Vertical and horizontal transfer directions are indicated
by arrows, and segment numbering is shown. This experiment was conducted using a spot scanned across
the edge of the chip in segment 8 and across the midline between segments 6 and 11, as shown.

Prior to the SpotScan experiment we collected flat-field and bias images. For the SpotScans,
the stage z-axis is first adjusted to give best focus. The resulting spot has approximately 2 pixels
(20 µm) FWHM with a central pixel intensity of about 19,000 electrons. Image profiles of the ar-
tificial star are shown in figure 3 (linear and log stretch). For the edge scan the spot was positioned
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Flux	  in	  flats	  (O’Connor)	  



Distances	  around	  midline	  
•  Closest	  neighbor	  

•  Average	  in	  x	  
direc>on	  	  
–  (dxUP+dxDOWN)/2	  

•  Average	  in	  y	  
direc>on	  
–  (dyUP+dyDOWN)/2	  
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Distances	  in	  x	  

•  dxUP	  

•  dxDOWN	  
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Distances	  in	  y	  

•  dyUP	  

•  dyDOWN	  
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Midline	  in	  y	  

g1	  and	  sigma	  has	  larger	  
scaqer	  than	  distance	  	  

g1	  

sigma	  

Spot	  map	  



•  Same	  line	  in	  x	  –	  
nothing	  interes>ng	  
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